C NMR at 176 MHz on an Agilent Technologies Varian. Scanning electron microscopy (SEM) and cross-sectional SEM was performed on a FEI Magellan 400 FESEM. XPS measurements were performed using a Physical Electronics Quantum 2000 Scanning ESCA Microprobe using Al k-alpha X-rays, and a pass energy of 46.95 eV for multiplexes, and 187.85 eV for surveys. UPS measurements were performed on the Omicron Nanotechnology, Model ESCA+S, consisting of a helium discharge lamp (He I line, 21.2 eV) as the UV excitation source and a hemispherical SPHERA energy analyzer. All samples were negatively biased by -3V during the measurements. This bias compensated for the instrument work function difference, repelling the low-kinetic energy electrons. The energy scale of experimental graphs was shifted by 3 eV. EPR spectroscopy was performed at room temperature in air and X-band frequencies on samples dissolved in toluene (Bruker Elexys E-500). Device fabrication and Characterization. ITO-coated glass substrates (20 ± 5 ohms/square, Thin Film Devices Inc.) were cleaned by ultrasonic treatment in detergent, deionized water, acetone, and isopropyl alcohol, then oven-dried for 6 hours prior to use. The PVBT-SO 3 Na ( Figure S5 ) HTL was spin-coated onto pre-cleaned ITO substrates. The perovskite layer was prepared by spin-coating a solution of Pb(OAc) 2 and MAI (1:3 molar ratio, 650 mg/mL in total) in N,N-dimethylformamide (DMF) onto the HTL/ITO substrates at a spin-speed of 2000 rpm for 60 s inside a glove box (N 2 atmosphere, < 1 ppm O 2 , <1 ppm H 2 O). As-cast films were annealed in the dark at 90 °C for 5 min inside a glove box. Inside a glove box, a thin layer of PC 61 BM (~60 nm) was subsequently spin-coated from a solution in chlorobenzene (20 mg/mL) at 1500 rpm for 60 s onto the perovskite layer. A layer of C 60 /C 70 -N in TFE was then spin-coated onto the PC 61 BM as the OCIL. Interlayer thickness was determined using the films spin-coated onto the glass substrates from the identical solutions. Then the thicknesses of these films were measured by the surface profiler KLA Tencor (model Alpha-Step IQ) as well as by atomic formce microscopy (AFM). Finally, a 100 nm thick Ag cathode was deposited (6 mm 2 as defined by a metal shadow mask) on the active layer under high vacuum (1×10 −6 mbar) using a thermal evaporator. In the repeel and replace process, the silver electrode was peeled away using a piece of Scotch ® tape on top of the device. The residual interlayer on the device part was removed by washing with 30 µL of TFE, followed by fast spin-coating (4000 rpm) for 2 min. Then a fresh OCIL layer and cathode were placed on top of the PC 61 BM/perovskite layer in a manner identical to the original device fabrication. The I-V characteristics of the devices were measured under simulated AM1.5G irradiation (100 mWcm −2 ) using a Newport 91160 300-W Solar Simulator equipped with a Xe lamp and an AM1.5G filter. The light intensity was adjusted using an NREL-calibrated Si solar cell with a KG-5 filter. A metal photo mask with an aperture area of 5.5 mm 2 was used for device measurements. The QE-PV-SI Measurement Kit (Newport/Oriel Instruments) with 150 W Xe arc lamp, monochromator, and calibrated silicon reference cell with power meter, were used for quantum efficiency (QE)/incident photon to charge carrier efficiency (IPCE) measurements for solar cells over a spectral range of 400-1100 nm. For conductivity measurements of C 60 /C 70 -N thin films, parallel gold electrodes (thickness = 50 nm) were patterned on silicon dioxide substrates using standard photolithographic procedures. The length of the gold electrode was 4000 µm and the separation distance between the two electrodes was 500 µm. A solution of C 60 /C 70 -N in TFE was spin-coated onto the substrates to give a film thickness of ~50 nm. Electrical characterization was completed using a Keithley 4200 SCS equipped probe station at ambient atmosphere. 85, 155.05, 154.31, 154.19, 152.98, 152.58, 147.40, 147.06, 146.83, 146.42, 146.36, 146.35, 146.29, 146.23, 146.18, 146.17, 146.05, 146.04, 145.85, 145.67, 145.64, 145.42, 145.40, 145.37, 145.35, 145.24, 145.20, 144.71, 144.70, 144.54, 144.46, 143.19, 143.10, 142.74, 142.73, 142.67, 142.64, 142.40, 142.38, 142.27, 142.26, 142.22, 142.17, 142.09, 141.97, 141.80, 141.79, 141.72, 141.33, 140.26, 140.21, 139.62, 139.60, 136.69, 136.58, 136.07, 134.97, 124.56, 122.77, 108.92, 76.36, 72.23, 71.77, 70.03, 67.08, 56.98, 56.75, 56.62, 45.87, 45.70, 45.66, 40.23, 28.93, 28.39, 27.81 146.92, 146.85, 146.78, 146.74, 146.71, 146.69, 146.65, 146.49, 146.42, 146.40, 146.32, 146.24, 145.94, 145.83, 145.77, 145.68, 145.53, 145.47, 145.45, 145.43, 145.32, 145.04, 144.91, 144.73, 144.70, 144.69, 144.67, 144.58, 144.45, 144.37, 143.91, 143.84, 143.81, 143.75, 143.62, 143.53, 143.46, 143.43, 143.40, 143.29, 143.27, 143.24, 143.21, 142.95, 142.88, 142.83, 142.74, 142.57, 142.33, 142.08, 142.07, 141.90, 141.64, 141.33, 141.24, 141.16, 141.07, 140.96, 140.92, 140.87, 140.69, 140.63, 140.53, 140.49, 140.32, 139.64, 137.90, 137.73, 137.38, 135.95, 134.01, 133.98, 133.97, 133.83, 133.72, 133.40, 133.25, 132.50, 132.45, 132.43, 132.39, 132.20, 132.18, 132.16, 132.10, 131.75, 131.71, 131.63, 131.56, 131.41, 131.40, 131.34, 131.33, 131.29, 131.22, 130.89, 126.76, 126.58, 125.85, 125.07, 124.73, 124.56, 123.93, 123.78, 123.53, 123.06, 122.47, 122.27, 109.13, 109.00, 108.81, 108.44, 76.02, 76.00, 75.35, 73.25, 72.34, 72.07, 71.75, 70.66, 70.23, 68.83, 68.18, 67.12, 67.01, 66.16, 60.60, 59.04, 58.49, 57.13, 56.86, 56.79, 56.71, 56.64, 56.54, 46.28, 45.66, 29.83, 29.01, 28.79, 28.70, 28.30, 27.83, 27.72 57, 158.86, 158.74, 156.73, 156.69, 156.60, 155.99, 155.07, 155.00, 154.93, 154.81, 154.78, 154.23, 154.19, 154.08, 153.54, 153.34, 153.12, 152.90, 152.87, 152.84, 152.73, 152.53, 152 .44, Figure S1 . 
